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Introduction
The Fédération Internationale de Natation (FINA), 
which is the international governing body for swimming, 
introduced a number of rule changes about water polo in 
2006 that mainly consist of shortening the playing time 
allowed for players to shoot at the goal (i.e., from 35 to 
30 s) and have extended the quarter time by 1 min (i.e., 
from 7 to 8 min). Consequently, these changes may have 
altered demands during the game, resulting in higher 
physiological requirements than those reported previous-
ly (Rodrigues, 1994; Platanou and Geradas, 2006). 
Rodrıquez (1994) and Platanou and Geradas (2006) ex-
amined blood lactate levels in elite water-polo players 
during quarter breaks of actual games and found that the 
glycolytic demands are high (4–9 mM). They concluded 
that a high glycolytic capacity is required for successful 
participation in water polo.
In a recent study after the rule revision, Melchorrim 
(2010) reported that mean blood lactate level was 7.7 ± 
1.0 mM (range 2.2–14.3 mM), and that blood lactate lev-
els were 7.7 ± 1.2, 7.8 ± 0.6, 7.5 ± 0.9, and 7.2 ± 1.6 
mM during the first, second, third, and fourth quarters, 
respectively. These values are almost the same as those 
of previous studies but it is noteworthy that blood lactate 
levels decreased in the fourth quarter. Such a decrease in 
blood lactate levels at the end of a game has been ob-
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Abstract
 The aims of this study were to measure blood lactate levels before and after a high-intensity sprint swimming test and 
to estimate lactate production capacity and clearance. Twelve male water-polo players, who belonged to the Japanese 
National Water-Polo Team (24.6 ± 3.8 years of age), volunteered for this study. Players performed a 50-m × 3 times 
× 3 sets of maximum sprint using a normal diving start at 1-min intervals and with a 20-min rest period between sets. 
Capillary blood samples were drawn from the fingertips of the subjects 7 times; i.e., before and after each trial set as well 
as 20 min after finishing the third trial set. Mean swimming time showed little change as the trial sets proceeded. In con-
trast, variability in swimming times was significantly different between the first and the second sets as well as the first 
and the third sets (first > second, first > third, p < 0.001). Lactate production was highest after the first set, after which it 
decreased significantly during the second set and was maintained through the third set. Significant differences (p < 0.001) 
were observed between the first and the second sets as well as the first and the third sets. In contrast, lactate clearance 
showed little change. No significant correlation was found between swimming time and lactate values. The variability in 
swimming time during the second and the third sets showed a positive correlation with blood lactate levels, a negative 
correlation to lactate production during the second set, and a negative correlation to lactate clearance during the third set. 
Our results suggest that these international players could improve their glycolytic capacity, particularly lactate clearance. 
Thus, players lacking lactate clearance capacity should reconsider their training intensity.
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served in a previous study (Platanou and Geradas, 2006), 
in which a tendency for lower blood lactate levels was 
observed as the game progressed toward the fourth quar-
ter. In addition, not only in water polo but also in basket-
ball, mean blood lactate levels after a game are signifi-
cantly (p < 0.001) lower than those reported at halftime 
(Ben Abdelkrim, 2007).
Many water-polo coaches and players must accept that 
a high glycolytic capacity is required for successful par-
ticipation, but it may be difficult for them to understand 
exactly what a high glycolytic capacity means. The ob-
servation that players are almost burned out but their 
blood lactate level decrease at the end of the game may 
alter the notion that blood lactate changes are caused by 
fatigue.
According to the latest scientific findings, lactic acid is 
not a waste material after anaerobic exercise but an im-
portant energetic substrate for oxidization (Hashimoto 
and Brooks, 2008). Thus, a high glycolytic capacity may 
mean that a player can produce more lactate to perform 
high-intensity exercise and can use the lactate for oxida-
tion by continuing to exercise at a high level of intensity. 
Muscle cells have 2 major functions such as to produc-
tion and clearance of lactate, and blood lactate levels 
change as a result of a balance between production and 
clearance.
Therefore, lactate production and clearance must be 
evaluated to improve glycolytic capacity in water-polo 
players. Thus, the aim of this study was to measure blood 
lactate levels before and after a high-intensity sprint 
swimming test and to estimate lactate production capaci-
ty and lactate clearance. These results could lead to im-
proved training methods.   
Materials and methods
Subjects
Twelve male water-polo players, who belonged to the 
Japanese National Water-Polo Team (24.6 ± 3.8 years of 
age), who belonged to the center forward, center back, 
and driver positions, volunteered for this study (Table 1). 
Height and body mass were 181.5 ± 4.5 cm and 83.8 ± 
7.9 kg, respectively. The subjects had an average of 12.7 
± 4.2 years of competitive experience. The team placed 
third at the 2010 16th Asian Games and 11th at the 2011 
14th FINA World Championships. Players were informed 
of the experimental procedure and of the potential risks 
and benefits of the study and gave written consent to par-
ticipate.
Experimental procedures
Based on a pilot study to explore the sufficient exercise 
intensity which leads to maximum blood lactate produc-
tion and the adequate rest period which ensures blood 
lactate clearance, with considering of a burden of play-
ers, we adopted the following protocol. Following a self-
selected warm-up swim of about 1,000 m, players per-
formed a 50-m maximum sprint test 3 times using a 
normal diving start at 1-min intervals. All tests were per-
formed in a 50-m indoor pool, and each subject swam 
alone in a single lane to avoid a drafting effect. After a 
20-min rest interval, players performed another 2 sets of 
the 50-m × 3 maximum sprint tests. Players swam 450 
m in total (50-m × 3 times × 3 sets) and were asked to 
do their best during all trials (Fig. 1).
Data collection
The swimming time of a player was obtained with an 
accuracy of 0.01 s with a manual stopwatch for each trial. 
Capillary blood samples were drawn from the fingertips 
of the subjects 7 times in total; that is, before (LA_Pre) 
and after (LA_Post) 1 trial set, and 20 min later (LA_Re-
cov@20 min) after finishing the third set (Fig. 1). Blood 
Table 1 Subject characteristics
Fig. 1 Protocol of the experiment
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lactate levels were analyzed using the Lactate ProTM 2 in-
strument (LT-1730, ARKREY Inc., Kyoto, Japan). 
Data analysis
To investigate the relationships between swimming 
performance and blood lactate production/clearance ca-
pacity during maximum swimming efforts, a value of 
blood lactate production (LA_Production) and blood lac-
tate clearance (LA_Clearance) were obtained using the 
formulas (1) and (2), respectively:
LA_production@n = LA_Pre@n – LA_Post@n  (1)
LA_clearance@n = LA_Post@n – LA_Pre@n+1  (2)
where @n is the value of the n-th trial set.
The standard deviation (SD) of swimming time for 
each trial set (SD_T@n) was computed to evaluate 
swimming time variability. 
Statistical analysis
Mean and SD values were obtained for all descriptive 
variables. A 1-way repeated-measures analysis of vari-
ance (ANOVA) was used to compare parameters among 
the maximum sprint tests. When a significant F-value 
was observed, Bonferroni post hoc procedures were per-
formed for blood lactate levels using pairwise differences 
between the averages. Pearson’s correlation and partial 
correlation analyses were used to assess the relationships 
between variables in each trial set. A p value of <0.05 
was considered significant.
Results
The mean values, 1-way ANOVA, and multiple com-
parison results for the main parameters are shown in Ta-
ble 2. Changes in mean swimming time and its variabili-
ty, mean blood lactate levels, and mean lactate 
production/clearance for each trial set are illustrated in 
Figs. 2–4, respectively. 
As shown in Fig. 2, mean swimming time showed little 
Table 2 Averages, 1-way analysis of variance, and multiple comparisons for the main parameters.
Fig. 2 Changes in mean swimming time results and the stan-
dard deviations for each trial set.
Fig. 3 Changes in the mean blood lactate level at each stage.
Fig. 4 Changes in the mean lactate production and lactate clear-
ance for each trial set.
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change within the trial sets. In contrast, swimming-time-
variability of the three 50-m sprint tests were significant-
ly different between the first and the second and the first 
and the third sets respectively (first > second, first > 
third, p < 0.001).
Mean blood lactate levels rose sharply from an initial 
level of 1.34 ± 0.35 mM before the first set to 12.28 ± 
1.55 mM after the first set. Then, lactate levels fell before 
rising again after the sets (Fig. 3). According to ANOVA, 
significant differences in blood lactate levels were ob-
served before the first and the second and between the 
first and the third sets (first > second, first > third, p < 
0.001).
The highest blood lactate levels were observed after 
the first trial set. Afterward, blood lactate levels de-
creased significantly toward the second set and was 
maintained after the third set. Significant differences (p < 
0.001) were observed between the first and the second 
sets as well as between the first and the third sets. In con-
trast, lactate clearance showed little change.
The correlation analysis results for selected parameters 
are shown in Table 3. Only correlation coefficients with 
absolutes values of >0.5 and that were statistically signif-
icant (p < 0.05) are indicated in Table 3. Swimming times 
for each trial set were strongly correlated (r > 0.87) with 
each other. However, no significant correlations were ob-
served between the swimming times and lactate levels. 
Swimming-time-variabilities of the second (T_SD@2nd) 
and third (T_SD@3rd) sets were positively correlated 
with most of blood lactate levels except for T_SD@3rd 
vs LA_Pre@1st and T_SD@3rd vs LA_Post@3rd, 
whereas a negative correlation was observed with lactate 
clearance at the second set (LA_Clearance@2nd), with 
lactate production at the third set (LA_Production@3rd) 
and with lactate clearance at the third set (LA_
Clearance@3rd) except for T_SD@3rd vs LA_
Clearance@3rd. 
The capacity of lactate production/clearance affected 
swimming performance. All records for the 9 swimming 
tests (3 times × 3 sets), and their average time and SD 
values by each subject are indicated in Table 4. As typi-
cal examples, the swimming results of subject H·W, who 
had the largest SD value, and those of subject M·S, who 
had the smallest SD, are shown in Fig. 5. The subject 
M·S is a player called as “Driver”, who plays a role in 
carrying the ball to the front court by swimming as fast 
as possible and making an opportunity to shot. While 
H·W is a center forward player, who is mainly located in 
front of the opponent's goal and plays a role in scoring 
the goal with pushing a defender off. The first swimming 
time of H·W in each set was almost the same as that of 
M·S. However, as the trials progressed, H·W could not 
maintain his swimming speed and his swimming times 
lengthened. 
A difference in the changes in blood lactate levels was 
also observed between the 2 players. As shown in Fig. 6, 
blood lactate levels in H·W rose sharply after the first tri-
al but did not decrease during the rest period, similar to 
those in M·S, and baseline blood lactate levels tended to 
increase gradually in H·W. In contrast, blood lactate lev-
els of M·S rose similar to those of H·W after the first tri-
al, but fell faster than those of H·W, and then went up 
and down with an unchanged baseline.
These differences may have been caused by differenc-
Table 3 Correlation matrix for the tested parameters
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es in lactate production/clearance capacity, and the 
changes in the 2 players’ blood lactate production/clear-
ance are shown in Fig. 7. Lactate production of H·W () 
was considerably higher compared with that of M·S () 
after the first set, but that of H·W fell abruptly after the 
second set and was maintained at a low level during the 
third set, rather than the milder change observed for M·S. 
In contrast, lactate clearance of H·W () was almost the 
same as that of M·S () after the first trial set, but the 
gap between H·W and M·S became wider after the sec-
ond and third sets until the level of M·S exceeded that of 
H·W.
Discussion
The subjects in this study were elite water-polo play-
ers, and the data were collected immediately before the 
Asian Olympic qualifications for the 2012 London Olym-
pics. Therefore, these are valuable data to evaluate lactate 
production and clearance capacity in highly trained wa-
ter-polo players. All the players completed the swimming 
task to the best of their ability. Although swimming times 
were not much different among the players and did not 
correlate with blood lactate parameters, we found a posi-
tive relationship between swimming-time-variabilities 
after the second and third trial sets and blood lactate lev-
els at Post@1st to Recov@20 min. A negative correlation 
was observed between swimming-time-variabilities after 
Fig. 5 Typical examples of swimming result changes for sub-
ject H·W (), who had the largest standard deviation 
(SD) value from the 9 swimming sets (3 times × 3 sets), 
and subject M·S (), who had the smallest SD value for 
the trials.
Fig. 6 Typical examples of blood lactate changes in subjects 
H·W () and M·S ().
Table 4 All records for the 9 swimming tests, mean and SD values by each subject in ascending order of SD value
Fig. 7 Typical examples of lactate production changes and 
lactate clearance changes for subjects H•W (, ) and 
M•S (, ).
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the second and third trial sets and lactate production after 
the second trial set and lactate clearance after the third 
trial set. These results suggest that players who had high-
er blood lactate levels throughout all trial sets showed 
more variation in swimming time. Conversely, players 
who had higher variations in swimming time showed 
lower lactate production and clearance capacity in later 
trial sets. The subject H·W –a representative example of 
higher swimming-time-variations and lower lactate clear-
ance– produced high lactate levels after the first trial set, 
but could not produce sufficient lactate after the next trial 
set because of insufficient lactate clearance during the 
rest period, because of which their swimming times de-
creased. Whereas M·S repeated and appropriate lactate 
production and clearance levels and could maintain a 
high swimming velocity. Unlike football, a water-polo 
game allows for an unlimited number of player substitu-
tions similar to basketball; therefore, a key physical char-
acteristic for a successful water-polo player is to perform 
intense exercise and to recover rapidly from periods of 
high-intensity exercise. However, a player who has a 
limited lactate clearance capacity like H·W could not 
demonstrate his innate ability late in a game even though 
his position is a center forward not required endurance 
capacity.
The latest scientific findings seem to be useful to im-
prove lactate clearance. Hashimoto and Brooks (2008) 
reported that lactate is produced as a result of glycolysis 
and is balanced by oxidative removal in mitochondria. 
Lactate production during exercise represents a physio-
logical signal for the activation of a vast transcription 
network affecting monocarboxylate transporter (MCT1) 
protein expression and mitochondrial biogenesis, thereby 
explaining how training increases lactate clearance ca-
pacity via oxidation.
It has been demonstrated that MCT1 content is posi-
tively correlated with the percentage of type I fibers in 
humans (Pilegaard et al. 1999) and that MCT1 expres-
sion is lower in glycolytic muscle preparations obtained 
from rodents (McCullagh et al. 1996; Wilson et al. 1998). 
MCT1 adaptation has been investigated in human sub-
jects undertaking lower intensity endurance exercise 
(Bonen et al. 1998; DuBouchaud et al. 2000), and these 
studies reported high MCT1 levels.
Taken together, players lacking sufficient lactate clear-
ance capacity should reconsider their training intensity. 
Most water-polo coaches are proponents of high-intensity 
training for players, particularly for those who become 
exhausted at the later stages of a game, but this strategy 
could backfire. Therefore, it may be more efficient for a 
player lacking lactate clearance capacity to activate the 
MCT1 protein by considering lower intensity endurance 
training. However, this is just a hypothesis, and requires 
testing in a future study.  
Conclusion
We conducted an experiment to estimate lactate pro-
duction and lactate clearance capacity during a high-in-
tensity sprint swimming test in highly trained water-polo 
players. 
In conclusion,
1) The highest blood lactate levels were observed after 
the first trial set, they decreased significantly toward 
the second trial set, and were maintained at the same 
level after the third trial set (p < 0.001). In contrast, 
lactate clearance showed little change.
2) No significant correlation was observed between the 
mean swimming time and any of the blood lactate pa-
rameters.
3) Players who had higher blood lactate levels throughout 
all trial sets showed larger swimming-time-variations 
on the second and third trial sets.
4) Even top players could improve glycolytic capacity, 
particularly their lactate clearance capacity.
References
1） Bangsbo J, Mohr M and Krustrup P (2006): Physi-
cal and metabolic demands of training and match-
play in the elite football player. J Sports Sci, 24(7): 
665-74.
2） Ben Abdelkrim N, El Fazaa S and El Ati J (2007): 
Time-motion analysis and physiological data of elite 
under-19-year-old basketball players during compe-
tition. Br J Sports Med, 41(2): 69-75.
3） Bonen A, McCullagh KJA, Putman CT, Hultman E, 
Jones NL and Heigenhauser GJF (1998): Short-term 
training increases human muscle MCT1 and femoral 
venous lactate in relation to muscle lactate. Am J 
Physiol, 274: 102-107.
4） Boyle PM, Mahoney CA and Wallace WFM (1994): 
The competitive demands of elite male field hockey. 
J Sports Med Phys Fitness, 34(3): 235-241.
5） Coutts A, Reaburn P and Abt G (2003): Heart rate, 
blood lactate concentration and estimated energy 
expenditure in a semi-professional rugby league 
team during a match: a case study. J Sports Sci, 
83Lactate Production and Clearance During High Intensity Swimming Test in Elite Water-Polo Players
21(2): 97-103.
6） DuBouchaud H, Butterfield GE, Wolfel EE, Berg-
man BC and Brooks GA (2000): Endurance train-
ing, expression, and physiology if LDH, MCT1, and 
MCT4 in human skeletal muscle. Am J Physiol, 
278: 571-579.
7） Eniseler N (2005): Heart rate and blood lactate con-
centrations as predictors of physiological load on 
elite soccer players during various soccer training 
activities. J Strength Cond Res, 19(4): 799-804
8） Goodwin AB and Cumming GR (1996): Radio te-
lemetry of the electrocardiogram, fitness tests, and 
oxygen uptake of water-polo players. Can Med As-
soc J, 95(9): 402-406.
9） Hohmann A and Frase R (1991): Analysis of swim-
ming speed and energy metabolism in competition 
water polo games. Proceedings of FINA First World 
Water Polo Coaches Seminar, Athens, pp. 208-213.
10） Hollander AP, Dupont SHJ and Volkerijk SM (1994): 
Physiological strain during competitive water polo 
games and training. (Ed.) Miyashita, M., Mutoh, Y. 
and Richardson, A. B. (In) Medicine and Science in 
Aquatic Sports. Karger, Basel, pp. 178-185.
11） Konstantaki M, Trowbridge EA and Swaine IL 
(1998): The relationship between　blood lactate 
and heart rate responses to swim bench exercise and 
women’s competitive water polo. J Sports Sci, 
16(3): 251-256.
12） Krustrup P, Mohr M, Steensberg A, Bencke J, Kjaer 
M and Bangsbo J. (2006): Muscle and blood metab-
olites during a soccer game: implications for sprint 
performance. Med Sci Sports Exerc, 38(6): 1165-
1174.
13） Loftin M, Anderson P, Lytton L. Pittman P and War-
ren B (1996): Heart rate response during handball 
singles match-play and selected physical fitness 
components of experienced male handball players. J 
Sports Med Phys Fitness, 36(2): 95-99.
14） McCullagh KJA, Poole RC, Halestrap AP, O’Brien 
M and Bonen A (1996): Role of the lactate trans-
porter (MCT1) in skeletal muscles. Am J Physiol, 
271: 143-150.
15）  Melchiorri G, Castagna C, Sorge R and Bonifazi M. 
(2010): Game activity and blood lactate in men's 
elite water-polo players. J Strength Cond Res, 
24(10): 2647-2651.
16） McInnes SE, Carlson JS, Jones CJ and McKenna 
MJ (1995): The physiological load imposed on bas-
ketball players during competition. J Sports Sci, 13: 
387-397.
17） McLean DA (1992): Analysis of the physical de-
mands of international rugby union. J Sports Sci, 
10(3): 285-296.
18） Pilegaard H, Terzis G, Halestrap A and Juel C 
(1999b) Distribution of lactate/H+ transporter iso-
forms MCT1 and MCT4 in human skeletal muscle. 
Am J Physiol, 276: 843-848.
19） Pinnington HC, Dawson B and Blanksby BA (1988): 
Heart rate responses and the estimated energy re-
quirements of playing water polo. J Hum Movement 
Stud 46: 319-331.
20） Platanou T and Thanopoulos V (2002): Time analy-
sis of the goalkeepers’ movement in water polo. Ki-
nesiology, 34(1): 94-102.
21） Platanou T and Nikolopoulos G (2003): Physiologi-
cal demands of water polo games with different lev-
els of competitiveness. (Ed.) Chatard JC (In) Biome-
chanics and Medicine in Swimming IX, University 
of Saint-Etienne, pp. 493-497.
22） Platanou T and Geradas N (2006): The influence of 
competitiveness on match exercise intensity in elite 
water polo players. (Ed.) Vilan-Boas JP, Alves F and 
Marques A (In) Biomechanics and Medicine in 
Swimming X. University of Porto, Porto, pp. 163-
165.
23） Platanou T and Geradas N (2006): The influence of 
game duration and playing position on intensity of 
exercise during match-play in elite water polo play-
ers. J Sports Sci, 24(11): 1173-1181.
24） Platanou T (2009): Physiological demands of water 
polo goalkeeping. J Sci Med Sport, 12(1): 244-250.
25） Rodorigues FA (1994): Physiological testing of 
swimmers and water polo players in Spain. (Ed.) 
Miyashita M, Mutoh Y and Richardson AB (In) 
Medicine and Science in Aquatic Sports. Karger, 
Basel, pp. 172-177.
26） Smith HK (1991): Physiological fitness and energy 
demands of water polo; time-motion analysis of 
field players and goaltenders. (Ed.) FINA First 
World Water Polo Coaches seminar, FINA, Athens, 
pp. 183-207.
27） Stallknecht B, Vissing J and Galbo H (1998): Lac-
tate production and clearance in exercise. Effects of 
training. A mini-review. Scand J Med Sci Sports, 8: 
127-131.
28） Wilson MC, Jackson VN, Heddle C, Price NT, Pile-
84 TAKAGI Hideki, MURASE Yosuke, MINAMI Takashisa, AOYAGI Kan and WATANABE Yasunori
gaard H, Juel C, Bonen A, Montgomery I, Hutter 
OF and Halestrap AP (1998): Lactic acid efflux 
from white skeletal muscle is catalyzed by the 
monocarboxylate transporter isoform MCT3. J Biol 
Chem, 273: 15920-15926.
